Introduction
Manipulation of circulating oestradiol concentrations by steroid implantation (Jenkins & Waites, 1983) or by immunization (Land, Baird & Carr, 1981) has provided evidence for a physiological role for oestrogens in the developing male lamb. Oestradiol implants induced a suppression of the secretion of LH and FSH in intact male lambs (Jenkins & Waites, 1983) and in castrated rams (Schanbacher & Ford, 1977; Alexander & Miller, 1982) , although normal endogenous con¬ centrations of oestradiol-17ß are < 15 pg/ml in adult rams (Sandford, Simaraks, Palmer & Howland, 1982) . Active immunization against oestradiol resulted in elevated circulating concen¬ trations of testosterone and LH in male rats (Nishihara & Takahashi, 1983) and in adult rams (Schanbacher, 1984) whereas no significant changes in plasma LH or FSH values were observed in male lambs passively immunized against oestradiol or oestrone (Land et ai, 1981) . The present study was therefore undertaken to determine the effects of passive immunization against oestradiol during the early prepubertal period, when gonadotrophin concentrations are most susceptible to the influences of testicular feedback (Lee, Bremner, Cumming, de Kretser & Findlay, 1981; Waites, Speight & Jenkins, 1985 Plasma concentrations of LH, FSH and prolactin were determined by radioimmunoassay (Walton, McNeilly, McNeilly & Cunningham, 1977) with mean coefficients of intra-assay variation of 9-5%, 11-5% and 12-2%, and sensitivity limits of 0-98, 54-0 and 8-2 ng/ml respectively. All samples were analysed in a single assay for each hormone.
Androgen concentrations were determined by the non-extraction radioimmunoassay described by Howies, Webster & Haynes (1980) using an antiserum which has 100% cross-section with tes¬ tosterone, 44% with DHT, 2-4% with 5-androsten-3ß,17ß-diol and <0-5% with androstenedione, androsterone, oestrone and oestradiol-17ß (GW 129/9; Webley, 1982) . The intra-assay and inter¬ assay coefficients of variation were 9-5% and 11-2% respectively, the limit of detection being 30 pmol/1. Preparation of hypothalamic extracts and assays for catecholamines and GnRH. All lambs were killed at 16 weeks of age and the testicular weights recorded. Immediately after death, brains were removed and a block of tissue containing the whole hypothalamus was isolated and frozen on solid C02 within 10 min. With the aid of a stereotaxic atlas of the sheep brain (Welento, Szteyn & Milart, 1969) four subdivisions of the hypothalamus were dissected (dorso-medial area, ventromedial area, median eminence, and anterior hypothalamus-preoptic area; Fig. 1 ) and extracted using 005 M-HC1 for subsequent determination of (i) catecholamines by high performance liquid chromatography with the inclusion of internal and external standards and (ii) GnRH by radioimmunoassay (Knight, Wilson, Gladwell & Cunningham, 1984 Plasma from lambs bled at weekly intervals from 8 to 16 weeks of age showed a mean LH concentration of 3-4 + IT ng/ml in the EAB group which was not significantly different from that in controls (2-8 ±11 ng/ml); peak levels of LH were apparent at 10 weeks of age in both groups. Intensive blood sampling (every 30 min for 12 h) did not reveal significant differences in LH pulse frequency or amplitude between groups. FSH and prolactin concentrations varied widely between animals (mean ± s.e.m. concentrations: 73-4 + 141 ng FSH/ml; 19-7 + 5-4 ng prolactin/ml) but did not vary significantly with age or treatment. Mean plasma androgen concentrations were sig¬ nificantly higher in EAB-treated animals than in controls (P < 0-05) during intensive sampling at 12 and 16 weeks (Fig. 2a) , whereas the mean values in samples taken 0-5-3 h after GnRH stimulation were similar in both groups and increased linearly with age (Fig. 2b) .
After slaughter at 16 weeks of age, the dopamine content of the median eminence was signifi¬ cantly greater in controls (+ 111%; < 005) than in EAB-treated lambs (Table 1) . Moreover, the mean content of DOPAC, a major metabolite of dopamine, was 40% greater in control lambs than in EAB-treated lambs but this difference was not significant. In the dorso-medial area, the content of both dopamine ( + 62%) and DOPAC ( + 38%) was significantly greater in the castrated than in the control lambs (P<0-05). The DOPAC content of the ventro-medial area was also greater in castrated than in control lambs ( + 32%; < 001). By far the greatest concentration of GnRH occurred in the median eminence and, although not significant, the mean value was higher ( + 60%) in controls than in castrated or EAB-treated lambs (Table 1) .
Discussion
In agreement with an earlier study involving passive immunization against oestradiol (Land et (Jenkins & Waites, 1983) and castrated (Schanbacher & Ford, 1977; Alexander & Miller, 1982) sheep, neither in the present study nor that of Land et al. (1981) were plasma LH or FSH concentrations significantly affected by removal of endogenous oestrogens. Whilst removal of negative feedback by immunization might be expected to increase the production of both oestradiol and androgens (Nieschlag & Wickings, 1978) , the titre of antibody achieved in this study by passive immunization was capable of binding at least 132 times the circu¬ lating oestradiol concentration in male sheep (Sandford et al., 1982) . The oestradiol binding capacity in EAB-treated animals, was therefore unlikely to be saturated. A feature of both the present study and that of Land et al. (1981) was the relatively small number of animals in each experimental group. This factor, together with considerable individual variation encountered within treatment groups, precludes for the present the drawing of firm conclusions regarding the ability of oestrogen feedback to modulate gonadotrophin secretion in prepubertal male sheep.
Despite the failure to demonstrate significantly enhanced gonadotrophin secretion in prepubertal male sheep passively immunized against oestradiol, our observations none the less do suggest that endogenous oestrogen may suppress testicular androgen secretion by inhibiting hypothalamic GnRH. Firstly, both control and EAB-treated lambs responded similarly to exogenous GnRH, the androgen response increasing with age as described previously (Pelletier, Carrez-Camous & Thiery, 1981) . Secondly, the dopamine content of the median eminence was sig¬ nificantly lower in EAB-treated lambs compared to controls which was associated with a concomi¬ tant 29% reduction in the median eminence content of its metabolite DOPAC. In rats, removal of oestradiol feedback decreases the activity of tuberoinfundibular dopaminergic neurones which, it has been proposed, mediate the suppressive action of the steroid on GnRH secretion (Fuxe et ai, 1982) . Since differences in the dopamine and DOPAC contents of the dorsomedial hypothalamus were also apparent between castrated and EAB-treated lambs, it is possible that testicular hormones other than oestradiol are able to influence dopamine metabolism in the hypothalamus. Thirdly, although the difference was not significant, the mean content of GnRH in the median eminence of control lambs was 60% higher than in the EAB-treated or castrated lambs, an obser¬ vation which is consistent with reports of a castration induced fall in hypothalamic GnRH content in the rat (Shin & Howitt, 1976; Chen, Geneau & Meites, 1977) . This difference presumably reflects a depletion of GnRH reserves in median eminence nerve terminals, resulting from a high secretion rate in EAB-treated and castrated lambs.
Schanbacher (1984) has reported that active immunization of adult rams against oestradiol increased both pulsatile LH secretion and plasma testosterone concentrations, observations which also suggest that oestradiol may exert its inhibitory effect on testicular function by suppressing hypothalamic GnRH output. The demonstration of specific oestrogen receptor sites in the hypo¬ thalamus of the ram (Pelletier & Carraty, 1981; Glass, Amann & Nett, 1984) further supports this view. The present study provides additional evidence for a role of endogenous oestrogen in the regulation of the hypothalamic-pituitary-testicular axis of the developing lamb and emphasizes the need for further work in this area.
